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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ADVANCE  RESTRICTED REFORT 

WIND-TUNNEL INVESTIGATION OP CONTROL-SURFACE CHARACTERISTICS 

XX  -  PIA IN AND BALANCED FLAPS   GV, AH NACA  0009 

RECTANGULAR  S3MISPAN TAIL SURFACE 

By I. Elizabeth Garner 

SUMMARY 

\ 

Force-test measurements have been made in the Langley 
by 6-foot vertical tunnel to determine the aerodynamic 
characteristics of an NACA 0009 semispan tail surface of 
rectangular plan form equipped with flaps of various noae 
shapes and ovorhangs. The flap chord was JO percent of 
the airfoil chord, A few tests were r.iade to determine 
the effectiveness of a balancing tab on various flap 
arrangements. 

The test results indicated that the slope of the 
lift curve was affected little by the amount of overhang 
and the balance nose shape but was increased by sealing 
the nap at tho flap nose.  At zero angle of attack, the 
variation of lift with flap deflection for the sealed-gap 
condition was the same ao or slightly greater than for 
the unsealed-gap condition. The change in the hinge- 
moment coefficient with angle of attack or with flap 
deflection generally was made :.iore negative with sealing 
the gap. The effectiveness of the balancing tab in 
reducing the flap hinge-moment coefficients was approxi- 
mately the same for both the sealed plain flap and the 
unsealed 35-percent-f lari-chord elliptical overhang; also, 
the variation of lift coefficient with tab deflection was 
about equal for the plain flap and for the flap with aero- 
dynamic be lance. 

In three-dimensional flow, the measured values of 
the lift-curve slope were slightly lower and the measured 
values of the hinge-moment parameters were more positive 
than the values of the parameters calculated from the 
data of previous investigations in two-dimensional flow 
by lifting-line theory, modified by the edge-velocity 
correction. Application of aspect-ratio corrections 
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determined from a  lifting-surface-theory solution for an 
elliptical wing made  the  computed values  of the  variation 
of the hince-moment  coefficient with angle  of attack very 
closely approach the measured  values. 

INTRODUCTION 

I 
The W.CA is c 

of the aerodynamic 
in tv.'o-dii-ensional 
to providu desicn 
suitable for use a 
has been wade to d 
shape, and pap on 
NACA 0009 airfoil 
are presented in r 
reference ^. 

onducting an extensive investigation 
characteristics of control surfaces 
and three-dimensional flow in order 

data and to determine flap arrangements 
s control surfaces.  A series of"tests 
stermino the effect* of overhang, nose 
the aerodynauic characteristics of an 
in two-dimensional flow; the results 
eferenees 1 to Ij. ar;d summarized in I- 

Tie present invertifution consisted of tests in 
three-dimensional How of an NACA 0Ü09 rectangular semi- 
span tax] surface. The purpose of this investigation was 
to help establish a corrolation between aerodynamic char- 
acterise CF in two-dimensional and three-dimensional flow. 
Through the upe of a surface having constant airfoil, 
flap, and balance chords, only relatively simple plan- 
form corrections were required when approximate correc- 
tions wore used. 

SYMBOTS 

The coefficients and the symbols used in this paper 
are defined as follows: 

CL lift coefficient (L/q3) 

CD drag coefficient  fD/l-S) 

Cm pitchine-moment  coefficient about  0.?5c  axis     (M/qSc) 

(Jhf flap hinge-moment  coefficient    (Hf/q"5f2bf) 

•>/"4V' 
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where 
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Hf 
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bf 
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and 
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b 

cf 

°b 
a 

6f 

«t 

k 

E 

(H 

twice lift of semispan model 

twice drag of semi span modal 

twice pitching ucment of seti.ispan model 

twice flap hinge moment of semiepan model 

dynamic pressure 

twice  area of  seirisnar .notlcl 

twice  flap  span of  semispan model 

chord of airfoil with flap and tab neutral 

root-mean-squar'e  chord  of flap 

mas? density of air 

velocity 

aspect ratio 

twice soan of semispan model 

chord of flap 

chord of overhang 

anijle of attack of model 

flap deflection r3lativs to airfoil: positive when 
trailing edge is deflected downward 

tab deflection relative to flap; positive when 
trailing edge i3 deflected downward 

constant used in determining Jet-boundary hinge- 
moment correction 

edge-velocity correction factor (Bee reference 6) 

!- 

V-'r-* :": 



•*:'• 

\ 

°*ta ~ \ da JH 

FACk A33 MO.   Iij-Illf 

The subscript  cutcide the parentheses  indicates the  factor 
held om-'.stant  in dcteruJnln;- the-parameter. 

APPAPATU3,   tfCD^L,   AD T~STS 

The tests  «ere sii-le  in tV.a 1 r:.r.ploy Ii- by 6-fcot 
vertical tunnel (refe^tsree  7)  :sodified ts  dlucusscd in 
reference ?.,     Tho 2-foot-chord by 5-fcot-se ru-rian r-xJal 
was iMde  of Itast.iftted ni.hc;-.i>sy and ccnfor-.r.ed  to the 
diniensx^ns  of fif^ire  1 and to the. !/.C"   0C09   '«l'Ofile,   the 
stations and ordinates of \s:i!e;i   ac  riven m table  I. 
Since the  tail  surff-ce hu3  a  t3p of r:;vcKtion,   r,he   tip 
plan form v:as  th'J  same  r.s tne   ce:itc-v.r  of the v.ppor and 
lower  avirfacfir  of the  airfoil.     .."he  fl\p chord v;-..? 
30 percent  of the  airfoil chorfl a'j tso:;  sp&avrise   station. 
For the complete tail surface reprcEuiv-ed by the  pt-rclspan 
model,  the  aspect ratio was 3 and the taper ratio,   1. 

^im& ti. 
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The plain unbalanced flap and the flaps with overhang 
balance are shown in figure 1. The 0.35cf and 
0.50f?f overhangs were tested -tilth  blunt and elliptical 
nose shapes.  (See fig. 1 and table Tl.) The elliptical 
nose was a true ellipse .faired tangent to the airfoil 
contour at the hirge axis. The gap was fixed at 0.005c 
and for some tests was sealed with a sheet-rubber seal. 

\ 
i 

it 

A linked balancing tab constructed of brass and 
having a cap of 0.001c was tested on the plain sealed 
flap and on the flap with 0.35Cf elliptical overhang 
with open cap. The tab had a chord of 0.20c*. (fig. 1) 
and a span 50 percent of the flap ssmispan.  Tie ratio of 
the tab deflection to the flap deflection was -1:1. 

The rectangular tail surface was tested a3 a semlspan 
model by mounting it horizontally in the tunnel with the 
inboard end adjacent to the wall of the tunnel, which 
thereby acted as a reflection jlane ffi,r. 2).  The model 
was supported entirely by the "onlance frame with a small 
clearar.ee at the tunnel wall so that all forces and moments 
acting on the model could be measured. The flow over the 
model simulated the flew over the ri^ht ser.ispan of a 
complete tail surface consisting of the test panel and 
its reflection mounted in an S- by 6-foot wind tunnel. 
The flap hinge moments were obtained by measuring the 
amount of twist in a long flexible torque tube, one end 
of which v.-as attached to the flap by means of a linkage 
arrangement and the other end of which extended outside 
the tunnel to a calibrated dial. 

The tests were mede at a dynamic pressure of 15 pounds 
per square foot, w-ilch corresponds to an air velocity of 
about 76 miles per hour at standard sea-level conditions. 
The test Reynolds number was 1,1|.;0,000 and the effective 
Reynolds number of the tests was approximately 2,760,000. 
(3ffective Reynolds number = Test Reynolds number x Turbu- 
lence factor, for the Langley I;- by 6-foot vertical 
tunnel, the turbulence factor is 1.93.) 

It is estimated that the angle of attack was set 
within ±0.1° and that the flao deflection was set 
within ±0.2°. 

Jet-boundary corrections, theoretically determined 
according to the method given in reference 8, have been 
applied to the data.  No corrections have been made for 
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tunnel data are as  fölXvsf      *  (b'' a^tion)  to the 

4a = 2.1fccL fin dcC) 

tunnel 
ACL    = -C.Cl^Cj 

ACD    = C.C3i;c:
2 

A!^      =   O.CO?£Cr • 

• Achf = tPr, 

Erhäng .J'fSiKEj"* •*•>•»*»* on the eh«, of the 

Lift 

Sealing the gan at the flf.p none Increased the slope 
of'the lift curve !7T . (Sen  ;\i-s. * to 12 .i:it? taile IIT.) 

With the faP either realed or1 unssaled, the oalense r.os3 
ohape and the nr.;ount of overhang appear to have nojjllfible effect upon the values of 0T   . 

A surmary of the lift effectiveness r-srauefcera aSfi 

for the various flan configurations is ^iven ir. table III. 
The lift rffectivoncFS '"as j-r^atest for the unsealed flaps 
with blunt-nose o/erhangs; however, stall occurred at 

f I- 
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lower flap deflections on the blunt nose than on the 
elliptical nose. 'Vlth gap sealed, the values of the lift 
effectiveness parameters were approximately the same for 
all flaps except for the O.pOcf elliptical-nose over- 
hang, which had a value somewhat smaller. At zero angle 
of attack, the change of lift ".'ith .flap deflection for 
the sealed-gap condition was the sar.ie as or slightly 
greater than for the unsealed-gap condition. 

Hinge Moment 

The curves of section hinge-moment coefficient were 
shown in reference 5 to be linear o/er an approximate 
range of angle of attack of ±5° and for flap deflections 
up to 15°; whereas the curves for tV'e finite-span tail 
surface (figs. ? to 12) v/ere, in general, nonlinear. 

•'lap oscillations {noted on the hinge-moi.ient- 
coeffielent curves by dashed lines) occurred on some 
balance arrangements as a result of buffeting due to an 
alternately stalled flow condition. The oscillations 
increased with flap deflection, overhang, and ursealing 
the gap. The elli.->tical-nore flap gavs'oscillaticns over 
a larger range cf angle of attack and flap deflection 
than the blunt-nose f]ap. Since a flexible torque tube 
was used in measuring the fla? hinge moments, the oscil- 
lations depend partly on the torquo tube and partly on 
the mass balance of the flap, because of the heaviness 
of the model, the oscillations may te more severe in the 
wind tunnel than in flight. 

The hinge-moment parameters for the various arrange- 
ments tested are given in table III. The parameter 0h_ 

o ° was measured at a = 6> = 0" and Cv.« , betv/cen 

6f = 0° and 5°.  Although r.ieasurad at only one point or 
over a sr.iall range, the values of the oarameters are 
useful in comparing some relative merits of the various 
balance arrangeuents tested. 

Sealing the gap at the flap nose, except on the plain 
flap, made the value of Ch-,  move in a negative direc- 

tion; sealing the gap made the value of 0^   move in a 

negative direction, except on the 0.50cf blunt overhang. 

mm** w: T.„—„,.,i.-i.,|i   i   n- lymr-.    TV» 
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The 0.50cf overhang produced overbalance through 
a part of the range of flap deflection re,c;.rdl39s of the 
nose shape and gap.  (See f ip-s. 9 to 12 and table III.) 
Overbalance occurred over a wider ran^-e of angle of 
attack end flap deflection in the section dcta presented 
in reference 5 than in the finite-span data of the 
present investigation. 

Drag 

Although the drag coefficients 
absolute    because  of an unknown tu:?, 
relative values nay bo  independent 
The drop coefficients  as  functions 
various  flap deflections  are  shown 
Tlie minimum drag coefficient was  •• •.*> 
sealed flap end"had the  value  of 0 
deflections  for  positive angles  of 
ficients generally increased with  i 
and were higher for the bl-m*.: nose 
nose. 

cannot be considered 
.nol correction,  the 
of tunnel effects, 
of an^le  of attack at 
in figures 5 to 12. 
tained with the  plain 
0110.     At  lar^e  flap 
attack,  the drc.f coef- 
ncrease  in overharp.fr 
than for the oiHpt.ieal 

The  draf coefficients  ire  plotted  in figure  13 
against the  i:tft coefficients fo:.-  the    O.Jjc^.    blunt and 
elliptical overhangs,   scaled and unsealed,  v/ith    a = 0° 
and    6f    ranging from 0° to 30°•    for all these arrange- 
ments,  the dreg coefficients were the  saire  at   f::':all lift 
coefficients and flap deflections.    At  lar.^e flap deflec- 
tions,  the elliptical nose  :*ave  ,v:ore  lilt  than the blunt 
nose with approxinately the  saiua  or.icunt  of drt-p. 

I- 

Pitch3nr I.To.^ent 

The pitehinß-raomont parasattci-e (V)6i. ~ (SJL 
(table  III)   indicate  the  position of  the  aerodynamic!  center 
of the airfoil with respect  to tho     O.^c    point.    When 
the  lift was  v&rind by ohfinjrinn'  L'-ii'J  at\t;lc   of attack with 
the flao neutral,  the aorodyna -lie  jen.'o:- v.as  located at 
the     0,22c  ± O.Clc     station for  t'10  vr-riovs  flap arrange- 
ments tested.     The aer dynamic  center  of  lift a-.ie to flap 
deflection was  located  at  the    O.TIO  ± O.Ojjc     station, but 
there was no systematic variation with ch.r.n^ea  in balance 
arrangement;   the  point,  woved rep.rwjrd a viroxl-Bately 
l8 percent with a decrease frow infinite  ^rpect ratio to 
an aapect ratio of ?. 
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Tab Characteristics 

Previous investipationt; have shown that ths tab 
characteristics of a balanced flap are similar to those 
for a tab on a plain flap and are generally independent 
of flap nose shape; hence, only a  liriited investigation 
of tab characteristics has bean i-ade.  This 

Ö6t 
consisted oi tests of a balancing tab with   = -1 

do*, 
on the plain sealed flap (fin. ll;.) and the unsealed 
0.35cf elliptical overhang (fiß. 15). 

The value of °hfet' 
which shows the effectiveness 

of the tab in reducing the flap hin^-e-moraent coefficients, 
was Eui;.-ro::iiKat3ly the same for both flaps tested; the 
value was -COOS for the se&led plain flap and -O.OOl; for 
the unsealed 0.55Cf overhang. As wr.s expected, the use 
of the balancing tab resulted in s-ialler increments of 
lift when the i'lVip 'vaB deflected. The variation of lift 
coefficient with tab deflection vas approximately the 
sa.no *"or both the plain flan a'id t'-.e 0. ffcf    overhang. 

The overbalanse of the flan with 0.50cf overhang, 
which has been previously discussed, could be overcome 
by fch-3 use of a differentially operated unbalancing tab 
deflücte-d in the ear.io direction £3  the flap. 

Comparison with Data in ?7;o-T>i::;fcnsional Plow 

The lift and hin/je-moment parantitcrs of the airfoil 
and flap were computed from data in two-dimensional flow 
according to the mothod of the liftin^-lin.6 theory pre- 
sented in reference 5. i;dt;t)-velocity corrections to the 
liftinf-line theory for the effect of the chord (refer- 
ence 6) were applied in the commutation of CT  with the 

substitution of values for K    for the elliptical plan 
form of the same aspect ratio, where E is the ratio of 
the semiperimeter to the span. Corrections for streamline 
curvature for an elliptical plan form were applied to C^ 

(reference 9). These methods of confuting Cj  and C^ 
'* fa 

are believed to be the most accurate methods available at 
the present tlmo. 

>'& •••':.* 
::.*'• r 
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The  lift ard hinge-moment 
measured VFIUGS an^ the v-lues 
are  given in table  III.    The  .no 
to in reference  5 IiR& the  pa.n«! 
nose  overhang tested in the  prss 
corrections,   theoretically dete 
to the method presented  In refo 
the  section hinge-moment  coeffi 
before  the parameters were  cnlc 

parameters,  both the 
ccTuTuted from section data, 
dium-nose  overhang referred 
noso  phapo a? the elliptical- 
rent  investigation.    Tunnel 
rmined  in a manner  similar 
rence  8, were applied to 
cionts  of reference  5 
ulated. 

The c 
sli.*tly r 
the  sectic 
plain flap 
reasonably 
section va 
more nerrat 
flap chord 
no correct 

alculated  s 
ighor  than 
n 'lift  effe 

and for  th 
well with 

lues for th 
ive  than th 
was  a sons 

ions  were  r 

lope   of the 
the measured 
cfcivenesd  i- 
e flap with 
the finite-a 
e f Ir.p v;it! 
e finite-spa 
taut  porcant 
ecessnry fo: 

lift curve generally was 
lepe.    The values of 

rareter    05      for the 
A«55°f    overhang agreed 

pan values, but the 
i).50cx. overhang were 

n values.     Bucausu the 
a<je  of the  airfoil chord, 

,.ect ratio. 

Tie ecrnouted rmd measured flap hin^c-isomont parameters 
are compared in figure  lf>.    The val'ues  of    0> and    c^ 

computed by -ace  of lifting-line   theory were more negative 
than the Treasured values.     Application of additional 
aspect-ratio correction::,  determined frots a lifting- 
surfaoa-theory solution for an elliptic." 1 wing (reference 9)t 
made the commuted vclucs  of    Cj,.      wore  >->caitivo  no as to 

~li 
approach irore nearly the measured values  of    Ch*  .    Aspect- 
ratio corrections determined by  liftin^-surfnce  theory are 
not yot available  for    Ch       . 

I- 

CONCLTISIOl'IS 

Tests have been made in three-dimensional flow of 
an NACA OOO9 rectangular aoinispan teil surface equipped 
with a plain flap and with balanced flaps of blunt and 
elliptical nose shapes. The flap chord was ?0 percent 
of the cirfoil chord. The results of the present tests 
and a comparison with previously published results of 
tests of the sa:no airfoil in two-dimensional flow indi- 
cated the following conclusions: 

.'*-;$£-.. 
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1. Sealing the pap at the flap nose increased the 
slope of the lift curve, but the balance ncse shape and 
the amount of overhang had little effect on the elope. 

2. The effectiveness of the flap 
V>«fl 

was 

greatest for the unsealed blunt-nose overhangs, but stall 
over the flap occurred at lower flap deflections on the 
blunt-nose than on the elliptic^l-noee fltps. At zero 
angle oi' attack, the variation of lift with flap def]ec- 
tion regained the same or increased with sealing the gap 
at the f?ap nose. 

5. Sealing the gap at the flap nose made the varia- 
tion of the flap hinge-moment coefficient with angle of 
attack or with flap deflection generally move in a nega- 
tive direction. 

).).. The 50-percent-flap-chord overhang was over- 
balanced over a part of the flap deflection range regard- 
less of the nose shape and the gan at the flap nose. 

5. "'hen the lift was varied b,r changing the angle 
of attach at a flap deflection of 0°, the aerodynamic 
center vas located r.t approximately the £2-percent-chord 
station for all arrr.ngDnent3 tested. The aerodynamic 
center of lift, dui to fltxp deflection (the aspect ratio 
being 3) v:as located at nr iiiur the 51-Per0l3nt-chord 
statio-ri t-.nd showed slight but not systematic variation 
with balcneo changes. 

6. At large flap deflections for nositive angles of 
attac":, tho drag coefficients generally jncrepsed with 
an incrc.Bse in overhang and were higher for the blunt 
nose thtir for tho elliptical nose; at large flap deflec- 
tions, the elliptical noro f.ivs more lift than the blunt 
nose with approxinatcly the seme arount of drag. 

7. The effectiveness of the tab in reducing the flap 
hinge-inonent coefficients wan approximately the sane for 
both the sealed plain flap and the unscnled 35~P°roen*'" 
flap-chord elliptical overhang; also, the variation of 
lift coefficient with tab deflection war, approximately 
the s.'.vne for both these flap arrangements. 

3. The calculation of the finite-span lift and hinge- 
moment parameters from data in two-dimensional flow 

I- 

-:r-,->*»- 
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acoording to the method of lifting-line theory, modified 
hy edfe-velocity corrections,   showed that the valuae  of 
the  lift-cvrv-3  slope were  slightly hipher  and  the hin^e- 
raortiont  par&maters wsre :nore negptivu than the  vtiluos 
measured 5n three-dimensional füow.    Application of 
aspeot-r'atlo corrections determined fro ;i a  liftin^-rurfaee- 
thoory solution for  P.n elliptical pilcn forw ;naäe  tho 
comnuted values  of the  variation of the hirgo-taouicnt 
coefficient  with  nrv.üe  of attack «?ore  positive   so as  to 
aporoach irere  nearly th-5 measured valuos. 

\ 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee  for Aeronautics 

Lan^ley Plcld, Vo.,  • 
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TABIS I 

ORDINÄRES FOR  MCA OOOO AIRFOIL 

(All dimensions In percent chord) 

1U 

I 

Station 

0 
1.25 
2.3 
5.0 
7.5 
10 
15 
20 
?5 

Co 
60 

zs 
90 
95 
100 
100 

Ordinates 

Upper |  Lover 

o 0 
1.H2         1 -1.!;.2 
1.9b         l 
2.o7          1 

-1.96 
-2.67 

5 • 15 -5.15 
3.'il 
j+'.oi    ! 

-5.51 
4.01 

it. =50 -!:..70 

'•to5 
-H.50 
-it-. 35 

5.^7 -3.97 
-3i;2 

°-.75 -2.75 
1.97 -1.97 
l.on -1.09 
> -.60 

(.10) (-.10) 
0 i   ° 

L.E. radius = O.89 
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TABLE TI 

ELLIPTICAL-0V5RIIAKC- PROFILE 

(All dimensions  in percent  chord.) 

13 I 

fr 

4 

\ 

*!•• 

0.?5cf overhang O.^Ocf    overhang: 

Station Ordinate atati.cn     !     Cfilinate 

0 0 

.15 .5-'+ !          .55 .83 
• SO • 97 i    .     -ö5 1.26 

1.00 1.33 !        1.G5 1.68 
?..c,o 1.79 !        2.35 1.96 
3.CO 2.09 3.S5 i.1-3 
J+.co 2.30' i         1(..85 2.30 
5. co ,           2J+5 i        3.85 r .ij... 

7.00 j         2.6U I        6.C5 2.5^          ' 
9.00 !          2.71 |        8.05 2.6)+ 

i 

I |      io.t'5      j        i:.70 
1 |      12.C5                2.72 

L.E. rad< us = 1.03 !        L.ij.  radiv.s  =  1.25 
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ABSTRACT: 

Correlation is established between aerodynamic characteristics of control surfaces 
in two-dimensional and three-dimensional flow.  Slope of lift curve was affected little 
by overhang and balance-nose shape, but increased by sealing flap-nose gap.  Effective- 
ness of balancing tab was same for sealed plain flap and unsealed overhang flap. 
Changes in hinge-moment coefficient were diminished by sealing gap.  Values measured 
by three-dimensional flow disagreed with two-dimensional flow values until aspect ratio 
corrections were made. 
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